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Provisional Patent Application for 

OPTIMIZED CONTACT DESIGN FOR THERMOSONIC BONDING 

OF FLIP-CfflP DEVICES 



I. SUMMARY 

The manufacture of high lumen output InGaN LEDs benefits from flip chip packaging. In a flip 
chip InGaN LED, desirable characteristics for die attachment include low tiiermal resistivity and 
structural robustness. Both of these can be fulfilled by using thermosonic (TS) bonding for 
packaging. However, the TS bonding process can present its own challenges, e.g., maintaining 
good contact across the chip area. Accordingly, an aspect of the present inventive subject matter 
proposes a contact methodology for optimizing light extraction and maniifacturability for 
thermosonically bonded InGaN LEDs. 

IL PROBLEM 

Traditionally, InGaN LEDs have been packaged with the substrate down on a heat sink; here, 
light is extracted from the LED through current spreading, semi-transparent layers deposited on 
the p-type layer. The overall extraction efficiency of the device is lowered due to light absorption 
in the current spreading layer. 

An altemative method to packaging would be to use the flip chip geometry in which light 
extraction is primarily through the substrate. It has been shown that a 60% increase in extraction 
efficiency can be obtained by flipping the InGaN LED on a sapphire substrate. Solder bumps (> 
approx. 50 |am) are typically used to attach the chip to the submount (Figure 1). For packaging 
InGaN LEDs, solder attachment has its own merits and drawbacks. One advantage is that the 
large thickness of the solder tends to planarize; thus, limited restrictions are placed on the 
difference in thickness between the p & n-contacts. Solder attachment of chip to submount, 
however, suffers from high thermal resistance; in addition, since it is often the first step of the 
packaging process, a high reflow temperature needs to be used (> approx. 250" C) and this may 
compromise the reflectivity of the p-contact. In addition, solder processes typically require 
cleaning of flux residue after bonding. Cleaning solution or residual flux may compromise 
reliability by creating a leakage path through resistive shunt. 

Altemative packaging technologies are therefore of interest. TS bonding with Au bumps is one 
such technology; it enables the chip to be attached to the submouiit with ultrasonic energy. 
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without any intermediate melting/re-solidification step. Consequently, lower packaging 
temperatures (around 150' C) can be used, thus avoiding any loss of reflectivity of the p-contact. 
In addition, the use of Au bumps instead of solder, lowers the thermal resistance of the package. 
In TS bonding, deformation of Au bumps and physical bonding of Au bumps on submount to tiie 
Au -terminated p & n-bxxmp areas on the chip occurs. Consequently, the p & n-bump areas on 
the chip should be more or less at the same elevation. (Figure 2) (i.e., within the extent of 
deformation of the bumps); consequently, in a typical chip, a significant amount of the light 
exiting the mesa, gets absorbed by the n-trace on the chip (same elevation as the n-bump area on 
the chip). This causes significant light loss. 

In many prior art designs, n-trace consists of several electrically separate pieces, interconnected 
only on submount level. If the chip or submount planarity is imperfect, one of such pieces may 
not be firmly connected to the bumps, resulting in higher electrical resistance of that piece and 
current spreading non-uniformity. 

In accordance with the present inventive subject matter, contact methodologies that minimize 
light loss in LED chips packaged using thermosonic/thermocompression bonding are proposed. 
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Fig. la. Top layout of a typical flip cliip. Fig. lb. Cliip attaclied to submount with 

solder. While light (indicated by 
arrows) exiting towards the 
bumps, does get trapped, light 
exiting the active region away 
from the bumps, leaves with 
minimal loss. 
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Fig. 2. Chip attached to submount by TS bonding. Unlike the chips attached with solder, 
light (indicated by arrows) exiting the active region away from the bumps^ also gets 
trapped since the n & p-metal are at the same height to enable uniform bonding. 

IIL OBJECT 

The present inventive subject matter is directed to a contact methodology for minimizing light 
loss and improving manufacturability for thermosonically bonded InGaN LEDs. 

IV. DESCRIPTION OF PREFERRED EMBODIMENT(S) 

At first glance, it might appear from Figures 1 & 2 that the easiest way to minimize light loss is 
to eliminate the n-trace, i.e., not have any n-metal outside of the n-attachment area (Figure 3). 
However, this can lead to poor current spreading and non-uniform light emission; most of the 
light would then be emitted from the p-area closest to the n-metal. 
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Figures. 

In accordance with aspect of the present inventive subject matter, 3 general features and several 
die layouts are proposed which optimize current spreading with minimum light loss and ease of 
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die attach for thermosonically bonded LEDs. One feattire is eliminating n-trace metal on the 
outside of the chip, but still maintaining adequate current spreading with an n-metal network in 
the interior of the chip. The current spreading is further enhanced, by having n-GaN with low 
resistivity (typically < 20 ohms/square). This design also results in n-bimip areas being 
completely surrounded by p-bump areas & thus, reduces the problems associated with variation 
of p & ii-bump heights on the submoimt; in effect, it is more mechanically robust, unlike the 
design shown in Figure la. Additional improvement of die attach manufacturability is achieved 
by connecting all n-traces together in a continuous network to avoid imperfect connections to 
pieces of n-trace. Robustness is further improved by the third feature - p- and n-bump having 
approximately level top surfaces. If the difference of surface levels of the bumps is within the 
deformation range of the top Au layer on the bump, reliable coimection across the chip is 
achieved reproducibly. 

In Figure 4, we show three die layouts based on the above design rules. 
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Figure 4. Mechanically robust die designs which minimize light loss in thermosonically 
bonded InGaN LEDs. Note, the bump areas are shown in red, the n-traces are 
shown in yellow, and the p-metal is shown in blue. 

In a preferred embodiment of the invention, after mesa formation, the p-contact metal would be 
deposited on the p-GaN contact layer. The n-contact is then defined and the device is protected 
with dielectric, along with definition of p-bump & n-bump areas. The device is aimealed at 250' 
C. After separation, the individual dies are ready for flip bonding and subsequently 
thermosonically bonded to a submount, with Au-terminated bumps. 



V. TEST DATA 



The dies with designs shown in Figure 4 have been attached to Au-termmated submount and 
shown to have excellent mechanical robustness, when compared to the design shown in Figure 
la. In addition, the entire p-mesa lights up under forward bias, indicating uniform light emission, 
good current spreading and good contact at both the p & n-regions of the chip with the 
submount. This design has also been demonstrated to result in a low thermal resistance at the 
chip/submoimt interface. 
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